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Introduction

Hand forces are important factors for risk assessment of hand-arm vibration syndrome
(HAVS).! Grip force is one of the most important force components in the operation of powered
hand tools. A considerable number of studies on grip force have been reported. It is well known
that the grip force applied on a cylindrical handle is not uniformly distributed on each axis across
the center of the handle cross-section.” Therefore, maximum and minimum orientations of grip
force exist around the handle. Such orientations have not been clearly identified. In a recently
proposed international standard (ISO/CD 15230, 2005),” it is stated that “the direction of the
main gripping force is generally parallel to the z-axis defined in ISO 8727.” * This assertion is
questionable, and further examinations are required. The objective of this study was to establish
a fundamental theory on the distribution of the grip force around cylindrical handles.
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subjects participated in the experiment. Three cylindrical
handles (30, 40, and 48 mm) were used. Each of them was
equipped with a flexible contact pressure sensor (TekScan,
Model #5101-100). Fig. 4 shows the measurement setup
and hand grip posture. Each subject was required to align
the hand mark (on Z,, axis) with the handle mark and to
apply the maximum and medium (50%) grip forces on the
handle.

Results and Discussion

Fig. 5 shows an example of the experimental results.
Table 1 provides comparisons of the elliptical model predictions
and the test data. The results strongly support the hypothesis.
This study also found that the maximum grip pressure around the
handle is distributed in the finger contact area. On the 40 mm o ‘
handle, the first principal force is more than 40% of the second 50 ] \w//"”“\
principal force (z-test: p <0.001). The maximum force is located in e
the finger contact orientation at approximately 27° from the Zgm-
axis that is about 29° from the hand z,-axis defined in ISO 5349-1
or ISO 8727. It is significantly greater than that on the Z,m-axis (- 1509
test: p <0.001). The maximum force on the 30 mm handle moves e e 2 e
further from the Z,.n-axis, and that on the 48 mm handle moves . RawData
closer to this axis. Therefore, even if the zy-axis in the Fig. 5: Data comparisons
basicentric system defined in ISO 8727 could align with the .
Zam-axis in the operations of some tools, the above-mentioned 100 < >

Fig. 4: Test setup & hand
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statement in ISO/DIS 15230 (2005) is generally invalid. The
proposed theory can be used to improve the standard and to o
develop a more effective method for grip force measurement. o0
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Table 1: Modellineg and test data for 40 mm handle

Ellipse ar-a; | Frus (F-F>) #-value for | r*-value for
Parameters (deg) | /Frmax JF ina Fy fitting Frfitting
Mean 89.4 | 09741 0.9313 0.9937 0.9642
SD 5.8 0.0286 | 0.0767 0.0082 0.0425
Theory 90.0 1.0000 1.0000 1.0000
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